Objectives To identify ethnic differences in survival after stroke and examine the factors that influence survival. Design Population based stroke register with follow-up. Settings South London stroke register. Participants 2321 patients with first stroke registered between January 1995 and December 2002. Main outcome measures Sociodemographic factors, risk factors for stroke and their management, severity of stroke, and acute service provision factors. Survival analysis with Kaplan-Meier curves, log rank test, and Cox's proportional hazard model with stratification. Results In univariable analyses of survival, outcome was better for black people than white people (median 33.7 v 20.0 months). After stratification by socioeconomic status, type of stroke, and Glasgow coma score, and adjustment for other potential confounders, being black was generally associated with better survival, taking into account the interaction between ethnicity and age, and ethnicity and prior Barthel score. Of the risk factors for stroke considered, current smoking (hazard ratio 1.21, 95% confidence interval 1.01 to 1.45, P = 0.044), untreated atrial fibrillation (1.36, 1.08 to 1.72, P = 0.009), untreated diabetes (1.53, 1.05 to 2.22, P = 0.027), and treated diabetes (1.61, 1.27 to 2.03, P < 0.001) were associated with reduced survival. Conclusion In general, black patients in a south London population with first ever stroke are more likely to survive than white patients, the exceptions being in those aged < 65 and those with a prior Barthel score < 15. Some pre-stroke risk factors that have the potential to be modified, including the appropriate treatment of existing health problems, have a strong impact on survival.
Introduction
Stroke is a major public health issue, and in many countries governments have set targets to reduce mortality without understanding the major influences on these rates. 1 Black people have higher incidence and mortality for stroke than white people in the United Kingdom and the United States, [2] [3] [4] with inconsistent evidence of disadvantage for black people in long term survival. In south London the average age of black people with stroke is 10 years lower than in the whole population. 5 In Britain, Caribbean immigrants have the highest mortality from stroke. 6 Howard et al estimated that in black men in the US up to 46% of the excess risk of death from stroke in men can be explained by socioeconomic class. 7 The south London stroke register (SLSR) was established to investigate ethnic differences in the natural course of stroke. 7 Although the use of race or ethnicity as a factor in medical research has been criticised, 8 we used a well phenotyped stroke cohort to investigate ethnic differences in survival after a first stroke and to identify sociodemographic factors, pre-stroke risk factors and their management, indicators of stroke severity, and acute treatment factors associated with survival after stroke.
Methods
The population based stroke register recorded first ever strokes between January 1995 and December 2002 in patients of all age groups. 7 9 We used the WHO definition of stroke and recorded ethnicity from the patient's own definition of ethnic origin (1991 census question) and socioeconomic class from the registrar general's codes based on occupation. 7 9 Socioeconomic categories were grouped into non-manual, manual, and economically inactive. 7 Ethnic origin was categorised into black (blackCaribbean, black African, and black other) and white. We restricted analysis to these categories only as numbers in other ethnic groups were small.
Classification of the pathological subtype (cerebral infarction, primary intracerebral haemorrhage, and subarachnoid haemorrhage) was based on results from at least one of brain imaging, analysis of cerebrospinal fluid, or necropsy examination. Cases without pathological confirmation of stroke subtype were unclassified. We also used the Oxford community stroke project clinical classification of stroke; cerebral infarction being categorised as total anterior cerebral, partial anterial cerebral, posterior cerebral, and lacunar. 10 Data collected on pre-stroke risk factors included current smoking status, high alcohol intake ( ≥ 14 units a week for women, ≥ 21 units a week for men), hypertension (blood pressure > 140/90 mm Hg), atrial fibrillation, diabetes, ischaemic heart disease, and transient ischaemic attack.
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Management of risk factors before stroke was analysed by prescription of antihypertensive drugs; atrial fibrillation was subdivided into no treatment, aspirin, other antiplatelets, or warfarin; a history of transient ischaemic attack or ischaemic heart disease by treatment with aspirin; and diabetes by treatment with oral hypoglycaemics or insulin. Case severity variables before stroke included urinary incontinence, living alone before stroke, and prior Barthel index (categorised as 0-14 or [15] [16] [17] [18] [19] [20] . Case severity variables in the acute phase included uriKaplan-Meier curves for black and white patients by age are on bmj.com nary incontinence, ability to swallow, Glasgow coma score (categorised as 0-8 or 9-15), pathological and clinical stroke subtype, and admission to a stroke unit, a general medical ward, or remaining in the community.
Statistical methods
Survival time was from date of stroke to date of death, confirmed by the Office for National Statistics. Patients with no record of death were censored at the end of 2003. Univariable analyses examined ethnic differences in sociodemographic factors, risk factors before stroke and their management, case severity, and service provision variables with age being compared with an unpaired t test. Survival after the initial stroke was examined with unadjusted Kaplan-Meier survival curves, 12 with comparisons between black and white groups made with the log rank test.
We used Cox proportional hazards survival analysis to investigate ethnic associations, adjusting for potential confounding factors. Exploratory analyses of increasing complexity were used, starting with a univariable comparison of ethnic groups, then in turn adding all sociodemographic variables, all prior risk factors and their management, then finally all factors associated with case severity, stroke subtype, and acute management. The analyses involved stratification by socioeconomic class, clinical stroke subtype, and Glasgow coma score. To allow for long term trends, we took account of the year of the stroke in the modelling in case there were trends over time.
Possible interactions between ethnicity and explanatory variables for survival were investigated by conducting separate analyses for both groups. Variables for which the degree of contribution to the survival model differed in these separate analyses were considered as potentially interacting with the ethnicity variable.
We examined assumptions for proportional hazards modelling using Schoenfeld residuals, with time dependent covariates being considered if the proportionality assumption was not met.
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Results
The south London stroke register registered 2321 patients. Of these, 1721 (74.1%) were white, 414 (17.8%) black, and 186 (8.0%) other groups or missing ethnicity. Table 1 shows sociodemographic factors, risk factors and their management, case severity, and acute service provision variables.
Regarding modifiable behavioural risk factors, a lower proportion of black people had a high alcohol intake and fewer were current smokers. High blood pressure and diabetes were more commonly observed in black people, with the reverse for ischaemic heart disease, atrial fibrillation, and transient ischaemic attack. Of those people with previously diagnosed medical conditions, a record of treatment for high blood pressure was more common for black people (180/286 (62.9%) v 551/964 (57.2%) white people). The same was true for ischaemic heart disease (24/50 (48.0%) v 148/371 (39.9%)). Treatment for transient ischaemic attack, however, was more common in white people than in black people (98/234 (41.9%) v 13/44 (29.6%)).
Black patients were more likely to be admitted to the stroke unit, and similar proportions in both groups were managed in the community during the acute phase.
Survival analysis
The 2321 patients represented 6081 person years of time after stroke; 4253 person years for the 1721 white people and 1358 figure) , with white people having poorer survival (log rank test P < 0.001). After adjustment for age and stratification for socioeconomic status and stroke subtype, this trend remained (hazard ratio 0.72, 95% confidence interval 0.61 to 0.87, P < 0.001). In models without interaction terms, black ethnicity was a consistent indicator of better survival with a hazard ratio of about 0.7 at all stages of the proportional hazards modelling. At no stage did sex have an impact on survival. The survival curves for the two groups were almost identical in those aged < 65, with a modest difference in favour of black people in those aged 65-74 and a substantial difference in those aged ≥ 75 (see extra figures on bmj.com). Survival curves were similar for black and white people with a prior Barthel score < 15, but there was a clear difference in favour of black people for those with a score of 15-20.
The effect of increasing age on survival was larger for white people than for black people. In addition, having a Barthel score ≥ 15 was associated with a 83% reduction for the hazard ratio in black people but only 20% reduction in white people (see extra figures on bmj.com). Table 2 shows the variables included in the final proportional hazards survival model (built up from the stepwise addition of variables and interaction terms). Ethnicity was highly significant (hazard ratio 24.80, 95% confidence interval 4.70 to 130.87), but when we adjusted for the interaction between ethnicity and age (0.97, 0.95 to 0.99) and prior Barthel score (0.17, 0.08 to 0.36), black people aged ≥ 65 and with a prior Barthel score of at least 15 had a substantial survival advantage over white people.
Current smoking was an indication of poorer survival (1.21, 1.01 to 1.45). Patients with atrial fibrillation treated with warfarin alone fared worse (1.83, 1.09 to 3.07) as did similar patients who were untreated (1.36, 1.08 to 1.72). Diabetes, treated (1.61, 1.27 to 2.03) or untreated (1.53, 1.05 to 2.22), was also an indicator of worse survival.
Initial continence was linked to better survival (0.55, 0.45 to 0.67), and failing the swallow test was associated with worse survival (1.49, 1.23 to 1.79). Patients who were not admitted fared better (0.59, 0.45 to 0.78), and admission to a stroke unit had no impact on survival. As adjustment for the year of the stroke had no impact on the results we omitted this variable.
Discussion
In this study of ethnic differences in survival and the effect of sociodemographics, case severity, and clinical management factors on outcome in stroke we found that black patients are more likely to survive than white patients, even after we controlled for various factors. The south London stroke register (SLSR) is population based and hence unbiased with a well phenotyped cohort. This allowed us to control for potential confounding factors and identify clinical and social factors that can be used when planning services and tailoring individual clinical management plans.
The use of race and ethnicity in epidemiology and public health research has been debated hotly. Theoretical reasons for not using ethnicity per se as a variable have been well argued. 14 15 We used the UK census self definition of ethnicity, although the self reporting of ethnicity may change over time. 14 The advantage is that the census definition is also used to categorise the local population estimates in this study. We amalgamated African Caribbean and African groups, yet biologically or culturally there may be no sense in such a grouping. To perform the analyses on African and African Caribbean groups separately will require a larger cohort. The census question could be supplemented with more detail on aspects of ethnicity-namely, cultural views of disease and health and access to health care. 14 We have addressed some of these broader issues by determining socioeconomic status and quantifying uptake of effective stroke interventions. Bhopal suggests that by emphasising the negative aspects of health of minority groups, research may endanger their social standing. 15 Despite an increased risk of disease, our analyses show a survival advantage in these black people. Kaplan-Meier survival estimates by ethnicity 
Comparison with other studies
Comparison of these findings with other reports with regard to ethnic or racial differences is problematic as no two studies use the same methods for determining the classification. The main reports on survival in "black" groups are in the US where studies of black Americans and Hispanics have been detailed but with more superficial adjustment for confounding factors. The findings are equivocal but suggest a survival disadvantage in black people. 4 16 In the Northern Manhattan population based stroke study, unadjusted Kaplan-Meier analysis show a non-significant five year survival advantage in Caribbean Hispanics (67%) and black Americans (61%) compared with white people (46%). 17 Our study showed a clear advantage for black people, with five year survival being 57% for black people and 36% for white people.
The modifiable risk factors that increase the risk of stroke and recurrent stroke have been shown in population based stroke studies in the US and south London. 11 18 Although comparison between differently classified ethnic groups in different cultures is problematic, striking similarities have been observed that have implications for primary and secondary prevention programmes. In the Manhattan studies hypertension, diabetes, and physical inactivity had high aetiological fractions in American black people and Caribbean Hispanics, which mirrors the prevalence of these risk factors in the south London population. Our analyses indicate improved use of appropriate medications for control of risk factors in black people after we controlled for age, although we did not assess dose and compliance. Improved management may reflect heightened awareness by black people and healthcare professionals to the risks of stroke. The ability of our analyses to assess the role of control of risk factors on survival may be hampered by a lack of power, although based on this study many of these factors had only a small impact.
Possible confounding and bias
One confounding factor may be the differences in case mix between groups. We adjusted for previous activity of daily living, Glasgow coma score, acute urinary incontinence, and swallowing deficits. Although this represents substantially more detail than most previous population based studies, there is the potential for residual confounding. Certainly in the acute period one might suspect that the observed survival differences may be explained by factors related to case mix, but adjustment for known confounders did not substantially change the hazard ratio for ethnicity, and it is unlikely that confounders that we did not adjust for here show the much stronger relations that would be needed to reverse the apparent observed trend in survival.
A possible cause of bias could have been if the register had missed either the more mild strokes in white people or the more severe strokes in black people (or both). In a previous study we did capture-recapture using the first two years of the register and found similar estimated completeness of cases in which patients survived to three months (90% for non-white and 88% for white) but slightly higher estimated completeness for fatal cases in nonwhite patients (90%) compared with fatal cases in white patients (80%). 19 If we apply those results to the current study, the true proportions of three month mortality would be 19% for black people and 35% for white people. Thus we can be reasonably sure that the black mortality advantage seen here is not due to ascertainment bias, although there is no accepted standard for case ascertainment for such population based registers and as such differential underascertainment in different ethnic groups may influence the interpretation of the survival data.
The south London register has observed an increased risk of stroke but improved survival for most groups within the black population. After controlling for sociodemographic, case severity, and healthcare interventions we found a residual unexplained overall survival advantage in the black group that requires more detailed description of case mix and stroke subtype, including aetiological subtype. It seems that black people have better access to stroke unit care and more active management of some modifiable risk factors before stroke. A healthy migrant population from Africa and the Caribbean may confer some survival advantage, and more detailed measures of socioeconomic status and education need to be incorporated into future studies to identify the contribution of such factors on survival. Additional analysis of care after stroke-including location of care, rehabilitation, and ongoing health and social care, including secondary prevention and compliance with medication-will also shed light on these survival differences.
McKevitt et al, using data from the south London stroke register, found that the provision of individual components of cure over one year after stroke varied for specific sociodemographic categories, but there was no consistent pattern of inequality with regard to ethnicity. 20 We thank all the patients and their families and the healthcare professionals involved. Particular thanks go to all the fieldworkers who have collected data for the register since 1995. Contributors: CDAW participated in the design and refining of the study methods, analysed the data, wrote the paper, and is guarantor. AGR, KT, and NCS participated in the refining of the study methods, analysis of the data, and drafting of the paper. CC participated in the refining of the study methods and of the paper. 
